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(54) WDM token bus network 

(57) A station judges, when a request to transmit 
information to the other stations is generated, that the 
station subsequent thereto does not send out a trans- 
mission request packet at the time point where a gap of 
time 5 (i.e., a non-signal period of time 6) is confirmed 
from the receiving of a token immediately after the gen- 
eration, to send out the transmission request packet 
onto a control channel of an outbound bus transmission 
line. The station sends out an information packet onto a 
data channel of the outbound bus transmission line 
when time Tf, i.e., time required to prepare receiving in 



the other station (time required to tune the wavelength 
of a variable wavelength filter) has elapsed since a 
token was received immediately after sending out the 
transmission request packet. The other station recog- 
nizes by a token that it has a transmission request to 
itself, and prepares the receiving of the information 
packet in response to the subsequent token, and 
receives the information packet from the data channel at 
the same time when the preparation of the receiving is 
terminated. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a bus network, and 
more particularly, to a bus network to which stations can 
be accessed at high speed and efficiently when one of 
the stations transmits information to the other stations. 

Description of the Background Art 

It is expected that a network utilizing an optical fiber 
for a transmission line will be employed over the wide 
range in the future from the advantages that it can trans- 
mit a large amount of information utilizing the wide band 
characteristics of the optical fiber, and the optical fiber is 
not easily affected by noise. 

In a transmission system utilizing the optical fiber, a 
system in which an exchange and a repeater positioned 
in the above-mentioned network convert a light signal 
sent from a transmission terminal tor transmitting infor- 
mation into an electrical signal once to replace the sig- 
nals, then reconverting the electrical signal into the light 
signal and sending the light signal to a receiving termi- 
nal for receiving information has been widely utilized. As 
an example of the network, description will be made by 
taking one described in the following first document. 

"First Background Art" 

Fig. 13 is a block diagram showing the construction 
of a network described in the first document "F E. Ross, 
"An Overview of FDDI : the Fiber Distributed Data Inter- 
face." IEEE Journal on Selected Areas in Communica- 
tions Vol. 7 No. 7 pp. 1043-1051, Sept. 1989". In Fig. 13, 
each of terminals comprises an optical/electrical con- 
verting device (illustrated as O/E) and an electrical/opti- 
cal converting device (illustrated as E/O) in its inside, 
and constitute a ring network using an optical fiber. 
Each of the terminals converts a light signal sent from a 
previous terminal into an electrical signal, then converts 
the electrical signal into the light signal, and sends the 
light signal to a subsequent terminal. 

In the transmission system, it has been pointed out 
that conversion from the light signal to the electrical sig- 
nal (or conversion from the electrical signal to the light 
signal) is frequently performed within the network, 
whereby it is difficult to increase the number of terminals 
connected to the network and to increase the transmis- 
sion speed of information. 

In recent years, an optical network capable of send- 
ing a light signal from a transmission terminal to a 
receiving terminal without converting the light signal into 
an electrical signal has been examined. Further, a star 
network has the advantage that the transmission loss is 
smaller, as compared with a bus network. Therefore, a 
lot of star networks have been conventionally studied 



and developed. Description will be made by taking as 
examples of the star optical network ones proposed in 
second and third documents. 

5 "Second Background Art" 

Fig. 1 4 is a block diagram showing the construction 
of an optical network proposed in the second document 
"M. S. Goodman, et al. "The LAMBDANET multiwave- 
10 length network : Architecture, applications and demon- 
strations, " IEEE Journal on Selected Areas in 
Communications Vol. 8 No. 6pp.995-1003, 1990". 

In Fig. 14, each of terminals comprises one trans- 
mitter having a fixed wavelength and receivers having a 
15 fixed wavelength, the number of which corresponds to 
the number of the terminals, and the terminals are con- 
nected to each other through a star coupler and an opti- 
cal fiber, thereby constituting a star optical network. The 
wavelengths of the transmitters at the respective termi- 
so nals are independent of each other. Further, in the opti- 
cal network, the synchronization of the terminals is 
established, whereby communication is established 
using TDM time slots. On the transmission side, a des- 
tination terminal to which information can be transmitted 
25 is periodically assigned for each TDM time slot. Further, 
the assignment of TDM time slots is determined on the 
transmission side in order that information are not 
simultaneously received from a plurality of terminals on 
the receiving side. 
30 In the optical network, the terminals must be syn- 
chronized with each other, including delay time in order 
that transmission information from the plurality of termi- 
nals do not collide with each other on a transmission 
line on the receiving side. In order to establish the syn- 
35 chronization, however, a mechanism for preparing a 
new channel or the like and transmitting a reference 
clock signal, for example, is required, whereby the con- 
struction of the optical network itself becomes compli- 
cated. Further, filters and receivers are required for 
40 each wavelength, that is, for each terminal, whereby the 
scale of the terminals is also increased. 

Furthermore, in the optical communication system, 
communication is established by the assignment of the 
TDM time slots. That is, a band is assigned to each of 
45 the terminals irrespective of the presence or absence of 
information to be sent, whereby the transmission effi- 
ciency of transmission data is reduced. 

Third Background Art" 

50 

Fig. 15 is a block diagram showing the construction 
of an optical network proposed in the third document "F. 
J. Janneillo, R. Ramaswami, and D G. Steinberg, "A 
prototype Circuit- Switched Multiwavelength Optical 
55 Metropolitan Area Network", International Communica- 
tion Conference pp8 18-823, 1992". 

In Fig. 15, each of stations comprises one light 
transmitter having a fixed wavelength and one receiver 
comprising a variable wavelength filter, and the stations 
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are connected to a star coupler through a fiber, thereby 
constituting a star optical network. Wavelengths 
assigned to the light transmitters in the stations are 
independent for each terminal. 

In the optical network shown in Fig. 15, the station 5 
on the information transmission side continues to send 
out a transmission request signal when a transmission 
request is generated. The receiver in each of the sta- 
tions periodically scans the wavelength passband of the 
variable wavelength filter, to examine whether or not a 10 
transmission request addressed to itself is sent out into 
the network. Each of the stations tixes the wavelength 
passband of the variable wavelength fitter when the 
receiver receives a transmission request signal 
addressed to itself, to receive information subsequently is 
sent from the station on the information transmission 
side- 
In the construction of the optical network, the sta- 
tion having a transmission request continuously sends 
out a transmission request signal utilizing the light trans- 20 
mitter. The station on the receiving side operates the 
variable wavelength filter, to scan the wavelength, and 
examines whether or not a transmission request 
addressed to itself is sent out from the other station in a 
period during which it receives no data. The station on 25 
the receiving side starts communication at the time 
point where it detects that a transmission request from 
the other station is generated. In a period elapsed until 
communication is started, time required to propagate a 
signal on a transmission line and time required to scan 30 
the wavelength by the variable wavelength filter are nec- 
essarily required. That is, the synchronization of the sta- 
tions need not be always established. However, the 
transmission efficiency of the information is not good, 
because information is not transmitted and received in a 35 
period elapsed from the time when the transmission 
request is generated until the destination responds to 
the transmittion request. The bus network has the pos- 
sibility that the utilization efficiency of the transmission 
line is improved in simple construction because each of 40 
the terminals can recognize whether or not a signal from 
the previous terminals exists. Therefore, a proposition 
as described in the following fourth document has been 
made under the background that after a light amplifier is 
developed, the disadvantage with the above transmis- 45 
sion loss can be overcome by using the light amplifier 
even in the bus network. 

"Fourth Background Art" 

50 

Fig. 16 is a block diagram showing the construction 
of a U shaped bus optical network proposed in the 
fourth document "I. Chlamtac et al. "A Multibus Train 
Communication (AMTRAC) Architecture for High- 
Speed Fiber Optic Networks" IEEE Journal on Selected 55 
Areas in Communications Vol. 6 No. 6 pp.91 3-91 2, July 
1988". In Fig. 16. each of terminals 1 to n comprises 
one wavelength variable transmitter and one receiver 
having a fixed wavelength. The terminals 1 to n send 



out, when they have information to be transmitted for 
each slot to a plurality of channels 1 to m upon estab- 
lishment of slot synchronization, transmission informa- 
tion to a particular channel upon confirming that there is 
no transmission from the previous terminal . 

In this system, communication is established for 
each slot, whereby slot synchronization must be estab- 
lished in the entire network. Consequently, the optical 
network has the same problem as the problem 
described in "Second Background Art". Further, the 
assignment of slots to be transmitted to the terminals is 
determined from the beginning, whereby the utilization 
efficiency of the transmission band is reduced. 

"Fifth Background Art" 

Fig. 1 7 is a block diagram showing the construction 
of "Optical Composite Transceiver" disclosed in U S. 
Patent No. 4, 809, 361. In Fig. 17, a transceiver (a con- 
necting device) connects a plurality of terminals to an 
optical fiber cable, thereby constituting aUorS shaped 
bus optical network. In the bus optical network, a 
CSMA/CD (Carrier Sense Multiple Access with Collision 
Detection) system is utilized as an access method. That 
is, each of the terminals transmits data while examining 
whether or not data to be transmitted by itself collides 
with data to be transmitted by the other terminal. Each 
of the terminals stops the transmission at the time point 
where it detects the collision, while continuing the trans- 
mission when it does not detect the collision. It is con- 
sidered that the transmission of data has succeeded 
when each of the terminals does not detect the collision 
until the transmission of the data is terminated. 

In the CSMA/CD system, correct synchronization is 
not required in the entire optical network. In order to 
detect whether or not transmission data at a certain ter- 
minal collides with a transmission signal from the other 
terminal on an optical fiber cable, the transmission 
packet length must not be less than a packet length cor- 
responding to the reciprocating time on a transmission 
line constituting the bus optical network. That is, the 
transmission efficiency is reduced by attaching dummy 
information in order to satisfy the minimum packet 
length even when short information is sent. Further, the 
possibility that transmission collision occurs is 
increased when the number of terminals is increased, 
whereby the transmission efficiency is reduced as the 
number of terminals is increased. 

SUMMARY OF THE INVENTION 

The above-mentioned optical network has a prob- 
lem. For example, the construction of a network itself or 
a terminal becomes complicated, it takes long to estab- 
lish data communication between terminals so that the 
transmission efficiency is not good, or the transmission 
efficiency of transmission data is reduced if the number 
of terminals connected to the network is increased. 

Therefore, a first object of the present invention is to 
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make it possible, in a bus network utilizing an optical 
fiber making it possible for each of stations to establish 
communication without performing optical/electrical 
conversion, for the station to establish communication 
by only a simple synchronization establishing method. 

A second object of the present invention is to mini- 
mize, in a bus wavelength division multiplex network, an 
overhead period required to select a wavelength by the 
receiving side in a period required for transmission. 

A third object of the present invention is to provide 
a network capable of efficiently transmitting transmis- 
sion data even if a lot of stations are connected to the 
network. 

In order to attain the above-mentioned objects, a 
bus network according to the first invention is a bus net- 
work so constructed that a control station and a plurality 
of stations are connected to each other in a bus shape 
through a transmission line, and the source station 
transmits transmission information to the destination 
station on the basis of tokens periodically sent out by 
the control station, wherein the transmission line com- 
prises an outbound transmission line, to which the 
source station is connected, for outputting an informa- 
tion transmission request or transmission information in 
response to the token inputted to the station an inbound 
transmission line, to which the destination station is 
connected, for inputting the information transmission 
request or the transmission information sent out by the 
source station and the transmission line is further 
assigned a control channel serving as a channel of the 
token and the information transmission request and a 
data channel serving as a channel of the transmission 
information, the source station sends out, after the infor- 
mation transmission request to the destination station is 
generated, the generated information transmission 
request to the outbound transmission line using the con- 
trol channel after a lirst predetermined time since the 
token first inputted (hereinafter referred to as the first 
token) was received, the source station sends out, after 
the information transmission request to the destination 
station is generated, the transmission information to the 
outbound transmission line using the data channel a 
second predetermined time since the token second 
inputted (hereinafter referred to as the second token) 
was received, the destination station inputs the first 
token from the control channel of the inbound transmis- 
sion line, and detects the information transmission 
request from the source station inputting subsequently 
to the first token, and the destination station inputs the 
second token from the control channel of the inbound 
transmission line, and receives from the data channel 
the transmission information from the source station 
inputting after the second predetermined time since the 
second token was inputted. 

As described in the foregoing, the source station 
transmits information after the first predetermined time 
since the first token, which is received after the informa- 
tion transmission request is generated, was received, 
and sends out the transmission information to the out- 



bound transmission line using the data channel after the 
second predetermined time since the second token was 
received. The source station is operated on the basis of 
the token. Therefore, the necessity of a mechanism 

5 such as slot synchronization in the entire network is 
eliminated, the source station can be made simply. 

Furthermore, the destination station receives from 
the data channel, upon selecting the information trans- 
mission request addressed to the destination station 

io from the control channel, the information transmitted 
after the second predetermined time since the second 
token was received immediately after the selection. 
Even if the network is increased in scale, and the 
number of stations existing in the network is increased, 

75 therefore, time required until the information is transmit- 
ted after the transmission request signal is transmitted 
can be prevented from being extremely increased. 
Therefore, it is possible to provide a network having 
good information transmission efficiency. 

20 The second invention is characterized in that in the 
first invention, the source station comprises a detection 
unit for detecting a non-signal period on the control 
channel in response to the receiving of the first token, 
and the source station judges that the station other than 

25 the source station sends out no information transmis- 
sion request to the control channel, and the source sta- 
tion sends out the information transmission request of 
the source station to the control channel when the 
detection unit detects the first predetermined time as 

so the non-signal period. 

As described in the foregoing, the source station 
sends out the information transmission request after the 
detection unit detects the first predetermined time. 
Therefore, it is possible to prevent communication colli- 

35 sion from occurring on the control channel. 

The third invention is characterized in that in the 
second invention, the information transmission request 
comprises a first identifier indicating the destination sta- 
tion, a second identifier indicating the source station, 

40 and the generation time when the information transmis- 
sion request is generated. 

As described in the foregoing, the information 
transmission request contains the generation time when 
the information transmission request is generated. In 

45 the other station, therefore, it is possible to arbitrate on 
the basis of the generation time, even if information 
transmission requests are simultaneously transmitted 
from the different stations. 

The fourth invention is characterized in that in the 

so third invention, the transmission line in a bus shape is 
composed of an optical fiber, the data channel is 
assigned a wavelength, the wavelengths assigned to 
the data channels in the stations not being overlapped 
with each other, the control channel is assigned a wave- 

55 length which is not overlapped with any one of the 
wavelengths assigned to the data channels, the control 
station converts the token into a light signal and sends 
out the light signal to the control channel, the source 
station comprises an information transmission request 
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output unit for outputting an information transmission 
request depending on the results of the detection by the 
detection unit, a first light emission unit for converting 
the information transmission request outputted from the 
information transmission request output unit into a light 
signal and outputting the light signal to the control chan- 
nel, a transmission information output unit for outputting 
transmission information in response to the second 
token, and a second light emission unit for converting 
the transmission information outputted from the trans- 
mission information output unit into a light signal and 
outputting the light signal to a data channel inherent in 
the source station, and the destination station com- 
prises a variable wavelength selection unit for selecting 
a light signal having the wavelength assigned to the 
data channel in the source station and passing the light 
signal having the wavelength, the variable wavelength 
selection unit selecting the wavelength assigned to the 
data channel inherent in the source station out of the 
wavelengths assigned to the data channel on the basis 
of an information transmission request received in 
response to the first token, and passing a tight signal 
having the selected wavelength in response to the sec- 
ond token. 

By the above-mentioned construction, it is possible 
to realize the control channel and the data channel in 
the same fiber by a wavelength division multiplexing 
technique. Further, the reliability is increased by utilizing 
the optical fiber for the transmission line, whereby long- 
distance transmission becomes possible. 

The fifth invention is characterized in that in the 
third invention, the transmission line in a bus shape is 
composed of an optical fiber, the control station has a 
light emission unit emitting light having an inherent 
wavelength, and modulates a carrier having a first fre- 
quency assigned as the control channel by digital data 
which is a token signal, then converts the modulated 
carrier into a light signal, and sends out the light signal 
to the outbound transmission line, the source station 
comprises a first modulation unit for modulating the car- 
rier having the first frequency assigned as the control 
channel by digital data which is an information transmis- 
sion request signal depending on the results of the 
detection by the detection unit, a second modulation 
unit for modulating a carrier having a second frequency 
different from the first frequency and assigned as the 
data channel by digital data which is transmission infor- 
mation in response to the second token, and a light 
emission unit for converting a signal generated by the 
first modulation unit and/or the second modulation unit 
into a light signal having a wavelength which is not over- 
lapped with any one of the wavelengths assigned to the 
other stations and the control station, and sending out 
the light signal to the outbound transmission line, and 
the destination station comprises a variable wavelength 
selection unit for selecting a light signal having the 
wavelength inherent in the source station and passing 
the light signal having the wavelength, the variable 
wavelength selection unit selecting the wavelength 



assigned to the source station on the basis of an infor- 
mation transmission request received in response to the 
first token inputted from the inbound transmission line, 
and passing a light signal having the selected wave- 

5 length on the basis of the second token inputted from 
the inbound transmission line. 

As described in the foregoing, the transmission line 
is composed of an optical fiber, and the control station 
and the stations respectively comprise light emission 

w units for generating light signals having wavelengths 
which are not overlapped with each other. Moreover, the 
control channel and the data channel are multiplexed by 
an SCM (Sub-Carrier Multiplex) transmission system. 
By such construction, the control channel and the data 

15 channel can be realized within the same fiber by a 
wavelength division multiplexing technique. Further, 
high reliability and long-distance transmission become 
possible by utilizing the optical fiber for the transmission 
line. In addition, in each of the stations, the number of 

20 light components such as a high-cost light emitting 
device can be reduced. 

The sixth invention is characterized in that in the 
fourth or fifth invention, the variable wavelength selec- 
tion unit sets, when the first identifier included in the 

25 received information transmission request indicates the 
destination station, and the number of information trans- 
mission requests addressed to the destination station is 
one, the wavelength of the light signal to be passed on 
the basis of the second identifier. 

30 The destination station can recognize that the sta- 
tion having the information transmission request 
addressed to itself exists by the first identifier stored in 
the information transmission request, and can simulta- 
neously specify the source station having the informa- 

35 tion transmission request by the second identifier and 
set the wavelength passband of the variable wavelength 
selection unit. Consequently, the destination station can 
receive the information transmitted after the second 
predetermined time since the second token was 

40 received. 

The seventh invention is characterized in that in the 
sixth invention, the variable wavelength selection unit 
sets, when the lirst identifier included in the received 
information transmission request indicates the destina- 

45 tion station, and the number of information transmission 
requests addressed to the destination station is plural, 
the wavelength of the light signal to be passed on the 
basis of the second identifier. 

By the above-mentioned construction, the destina- 

so tion station can receive, even when a plurality of stations 
each having the information transmission request 
addressed to itself exist, the transmission information 
from the source station where the information transmis- 
sion request is generated at the earliest time, for exam- 

55 pie. on the basis of the time when the information 
transmission request is generated. Therefore, it is pos- 
sible to provide a network to which the right to transmit 
information is equally given. 

A bus network according to the eighth invention is a 
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bus network so constructed that a control station and a 
plurality of stations are connected to a loop-shaped bus 
through a transmission line, and the source station 
transmits transmission information to the destination 
station in response to tokens periodically sent out by the 
control station, wherein the transmission line comprises 
an outbound transmission line, to which the source sta- 
tion is connected, for outputting an information trans- 
mission request or transmission information in response 
to the token inputted to the station, and an inbound 
transmission line, to which the destination station is 
connected, for inputting the information transmission 
request or the transmission information sent out by the 
source station, the transmission line is further assigned 
a control channel serving as a channel of the token and 
the information transmission request and a data chan- 
nel serving as a channel of the transmission informa- 
tion, the source station sends out, after the information 
transmission request to the destination station is gener- 
ated, the generated information transmission request to 
the outbound transmission line using the control chan- 
nel after a predetermined time since the first token was 
received, the source station sends out, after the infor- 
mation transmission request to the destination station is 
generated, the transmission information to the out- 
bound transmission line using the data channel in 
response to the receiving of the second token, the des- 
tination station inputs the first token from the control 
channel of the inbound transmission line, and detects 
the information transmission request from the source 
station in response to the first token, and the destination 
station inputs the second token from the control channel 
of the inbound transmission line, and receives from the 
data channel the transmission information inputted from 
the source station in response to the second token. 

As described in the foregoing, in the network com- 
posed of the loop-shaped bus transmission line, the 
source station transmits the information transmission 
request to the control channel after the first predeter- 
mined time since the first token transmitted immediately 
after the information transmission request is generated 
was received, and sends out the transmission informa- 
tion to the outbound transmission line using the data 
channel after the second predetermined time since the 
second token was received. The destination station 
receives, upon selecting the information transmission 
request addressed to the destination station from the 
control channel, the information transmitted after the 
second predetermined time since the second token was 
received immediately after the selection. Even if the 
number of stations existing in the network is increased, 
therefore, time elapsed from the time when the informa- 
tion transmission request is sent out until the transmis- 
sion information is transmitted can be prevented from 
being extremely increased, whereby it is possible to pro- 
vide the network having good information transmission 
efficiency. 

The ninth invention is characterized in that in the 
eighth invention, the source station comprises a detec- 



tion unit for detecting a non-signal period on the control 
channel in response to the receiving of the first token, 
and the source station judges that the station other than 
the source station sends out no information transmis- 

5 sion request and sends out the information transmission 
request of the source station to the control channel 
when the detection unit detects the predetermined time 
as the non-signal period. 

As described in the foregoing, the source station 

io sends out the information transmission request after the 
detection unit detects the first predetermined time, 
whereby it can recognize that the previous station gen- 
erates no information transmission request at timing 
subsequent to the token. Therefore, it is possible to pre- 

?5 vent signal collision from occurring on the control chan- 
nel. 

The tenth invention is characterized in that in the 
ninth invention, the information transmission request 
comprises a first identifier indicating the destination sta- 

20 tion, a second identifier indicating the source station, 
the generation time when the information transmission 
request is generated, and the packet length of the trans- 
mission information sent out in response to the receiv- 
ing of the second token. 

25 As described in the foregoing, the information 
transmission request contains the generation time when 
the information transmission request is generated. In 
the other station, therefore, it is possible to arbitrate, 
even if information transmission requests from different 

30 stations are simultaneously received, the information 
transmission requests on the basis of the generation 
time. Further, the information transmission request con- 
tains the packet length. Therefore, the control station 
can determine the intervals between token signals 

35 depending on the packet size, whereby the transmis- 
sion efficiency can be improved. 

The eleventh invention is characterized in that in the 
tenth invention, a node on the outbound transmission 
line and the inbound transmission line comprises a 

40 branching unit for causing a signal on the transmission 
line to branch into two signals and outputting one of the 
signals to the control station, the control station has a 
function of detecting, when the first token is inputted 
from the branching unit, the maximum value of the 

45 packet length included in a transmission request packet 
subsequent to the first token, and the control station 
sets the sending intervals between the second token 
and the token sent out subsequently to the second 
token in response to the detected maximum value of the 

so packet length. 

Consequently, the control station can send out the 
tokens at intervals between tokens conforming to the 
maximum packet size required by each of the stations, 
and can efficiently utilize the transmission line. The 

55 twelfth invention is characterized in that in the eleventh 
invention, the loop-shaped bus transmission line is com- 
posed of an optical fiber, the data channel is assigned a 
wavelength, the wavelengths assigned to the data chan- 
nel in the stations not being overlapped with each other, 
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the control channel is assigned a wavelength which is 
not overlapped with any one of the wavelengths 
assigned to the data channel, the control station con- 
verts the token into a light signal and sends out the light 
signal to the control channel, the source station com- 
prises an information transmission request output unit 
for outputting an information transmission request 
depending on the results of the detection by the detec- 
tion unit, a first light emission unit for converting the 
information transmission request outputted from the 
information transmission request output unit into a light 
signal and outputting the light signal to the control chan- 
nel, a transmission information output unit for outputting 
transmission information in response to the second 
token, and a second light emission unit for converting 
the transmission information outputted from the trans- 
mission information output unit into a light signal and 
outputting the light signal to a data channel inherent in 
the source station, and the destination station com- 
prises a variable wavelength selection unit for selecting 
a light signal having the wavelength assigned to the 
data channel in the source station and passing the light 
signal having the wavelength, the variable wavelength 
selection unit selecting the wavelength assigned to the 
data channel inherent in the source station out of the 
wavelengths assigned to the data channel on the basis 
of the information transmission request received in 
response to the first token, and passing a light signal 
having the selected wavelength in response to the sec- 
ond token. 

By the above-mentioned construction, in the loop- 
shaped bus transmission line composed of an optical 
fiber, the wavelengths which are not overlapped with 
each other are assigned to the control channel and the 
data channels in the same fiber by a wavelength divi- 
sion multiplexing technique. Therefore, it is possible to 
provide the network which is reliable in reliability and is 
suitable for long-distance transmission. 

The thirteenth invention is characterized in that in 
the eleventh invention, the loop-shaped bus transmis- 
sion line is composed of an optical fiber, the control sta- 
tion has a light emission unit emitting light having an 
inherent wavelength, and modulates a carrier having a 
first frequency assigned as the control channel by digital 
data which is a token signal, then converts the modu- 
lated carrier into a light signal by the light emission unit 
and sends out the light signal to the outbound transmis- 
sion line, the source station comprises a first modulation 
unit for modulating the carrier having the first frequency 
by digital data which is an information transmission 
request signal depending on the results of the detection 
by the detection means, a second modulation unit for 
modulating a carrier having a second frequency differ- 
ent from the first frequency and assigned as the data 
channel by digital data which is transmission informa- 
tion in response to the second token, and a light emis- 
sion unit for converting a signal generated by the first 
modulation unit and/or the second modulation unit into a 
light signal having a wavelength which is not overlapped 



with any one of the wavelengths assigned to the other 
stations and the control station, and sending out the 
light signal to the outbound transmission line, and the 
destination station comprises a variable wavelength 

5 selection unit for selecting a light signal having the 
wavelength inherent in the source station and passing 
the light signal having the wavelength, the variable 
wavelength selection unit selecting the wavelength 
assigned to the source station on the basis of the infor- 

w rnation transmission request received in response to the 
first token inputted from the inbound transmission line, 
and passing a light signal having the selected wave- 
length on the basis of the second token inputted from 
the inbound transmission line. 

75 As described in the foregoing, the loop-shaped bus 
transmission line is composed of an optical fiber, and 
the control station and the stations respectively com- 
prise light emission units for generating light signals 
having wavelengths which are not overlapped with each 

20 other. Moreover, the control channel and the data chan- 
nel are multiplexed by an SCM (Sub-Carrier Multiplex) 
transmission system. Consequently, it is possible to pro- 
vide a network which is reliable and suitable for long- 
distance transmission. Further, in each of the stations, it 

25 is possible to reduce the number of light components 
such as a high-cost light emitting device. 

The fourteenth invention is characterized in that in 
the twelfth or thirteenth invention, the variable wave- 
length selection unit sets, when the first identifier 

30 included in the received information transmission 
request indicates the destination station, and the 
number of information transmission requests addressed 
to the destination station is one, the wavelength of the 
light signal to be passed on the basis of the second 

35 identifier. 

The destination station can recognize that the sta- 
tion having the information transmission request 
addressed to the destination station exists by the first 
identifier contained in the information transmission 

40 request, and simultaneously specify the source station 
having the information transmission request by the sec- 
ond identifier and set the wavelength passband of the 
variable wavelength selection unit. Consequently, the 
destination station can receive the information transmit- 

45 ted after the second predetermined time since the token 
was subsequently received. 

The fifteenth invention is characterized in that in the 
fourteenth invention, the variable wavelength selection 
unit sets, when the first identifier included in the 

so received information transmission request indicates the 
destination station, and the number of information trans- 
mission requests addressed to the destination station is 
plural, the wavelength of the light signal to be passed on 
the basis of the second identifier and the generation 

55 time. 

As described in the foregoing, the destination sta- 
tion can receive the transmission information from the 
source station where the information transmission 
request is generated at the earliest time, whereby it is 
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possible to provide the network to which the right to 
transmit information is equally given. 

The foregoing and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the entire con- 
struction of a bus network according to a first 
embodiment of the present invention; 
Fig. 2 is a block diagram showing the detailed con- 
struction of a station 15 shown in Fig, 1 ; 
Fig. 3 is a diagram showing the timing of sending 
out a token by a control station 10 and sending out 
a transmission request packet by each of stations, 
and the timing of propagating the token and the 
transmission request packet; 
Fig. 4 is a diagram showing the timing of the station 
15 shown in Fig. 1 transmitting a transmission 
request packet onto a control channel, and then 
transmitting an information packet onto a data 
channel; 

Rg. 5 is a flow chart showing the procedure for 
processing in a station 15 from the time when a 
transmission request is generated to the time when 
an information packet is sent out onto a data chan- 
nel; 

Fig. 6 is a flow chart showing the procedure for 
processing performed by a station 15 for receiving 
an information packet; 

Fig. 7 is a diagram for explaining a method of 
assigning channels by an SCM transmission sys- 
tem; 

Fig. 8 is a block diagram showing the detailed con- 
struction of a station used for a bus network in a 
second embodiment of the present invention; 
Fig. 9 is a block diagram showing the entire con- 
struction of a bus network according to a third 
embodiment of the present invention; 
Rg. 10 is a block diagram showing the construction 
of a control station 90 shown in Fig. 9; 
Fig. 1 1 is a flow chart showing the procedure for the 
control station 90 shown in Fig. 9 sending out a 
token; 

Fig. 12 is a diagram showing the format of a trans- 
mission request packet transmitted by each of ter- 
minals shown in Fig. 9; 

Fig. 13 is a block diagram showing the construction 
of an optical network according to "first background 
art"; 

Fig. 14 is a block diagram showing the construction 
of an optical network according to "second back- 
ground art"; 

Rg. 15 is a block diagram showing the construction 
of an optical network according to "third back- 
ground art"; 



Rg. 16 is a block diagram showing the construction 
of an optical network according to "fourth back- 
ground art"; and 

Rg. 1 7 is a block diagram showing the construction 
5 of an optical network according to 1 rfth background 

art". 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

TO 

(First Embodiment) 

Rg. 1 is a block diagram showing the construction 
of a bus network according to a first embodiment of the 

is present invention. In Fig. 1 , in the bus network, a control 
station 10 for periodically sending out tokens onto a 
control channel and a plurality of stations 15 (four sta- 
tions 15a to 15c and 15n are illustrated), to and from 
which a token and a transmission request packet are 

20 inputted and outputted, for transmitting and receiving an 
information packet are connected to a folded bus trans- 
mission line 1 1 . More specifically, the folded bus trans- 
mission line 11 comprises an outbound bus 
transmission line 11a used for the station 15 outputting 

25 the information packet, for example, an inbound bus 
transmission line 1 1b used for the station 15 inputting 
the information packet, for example, and a bus transmis- 
sion line for connection 11c for connecting both the 
transmission lines. In the control station 10, its output 

30 terminal for outputting the token is connected to the out- 
bound transmission line 1 1 a, and its input terminal to 
which the token is inputted is connected to the inbound 
bus transmission line 11b. Further, each of the stations 
1 5 is connected to the outbound bus transmission line 

35 11a by an optical branching device 14 and an optical 
coupling device 13, and is connected to the inbound bus 
transmission line 1 1b by an optical branching device 12. 

Rg. 2 is a block diagram showing the detailed con- 
struction of the station 15 shown in Fig. 1. In Fig. 2, the 

to station 15 comprises a variable wavelength filter 20, a 
first wavelength filter 21 , a second wavelength filter 22, 
first to third light receivers 23 to 25, a data buffer 26, a 
carrier sense/token detection unit 27, a control buffer 
28, a first light emitter 29, a second light emitter 30, and 

45 a control unit 31 . 

The variable wavelength filter 20 passes only a light 
signal having a wavelength set by the control unit 31, 
that is, a light signal transmitted on a data channel (hav- 
ing a wavelength of >J) out of light signals obtained upon 

so branching by the optical branching device 12. 

The first wavelength fitter 21 passes only a light sig- 
nal transmitted on a control channel (having a wave- 
length of Xc) out of light signals obtained upon 
branching by the optical branching device 14. 

55 The second wavelength filter 22 passes only a light 
signal transmitted on the control channel out of the light 
signals obtained upon branching by the optical branch- 
ing device 12. 

The first light receiver 23 converts the light signal 
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on the data channel which passed through the variable 
wavelength fitter 20 into an electrical signal. 

The second light receiver 24 and the third light 
receiver 25 convert the light signals on the control chan- 
nel which passed through the first wavelength filter 21 
and the second wavelength filter 22 into electrical sig- 
nals. 

The data buffer 26 stores the electrical signal 
obtained upon optical/electrical conversion by the first 
light receiver 23, i.e., an information packet. 

The carrier senseAoken detection unit 27 demodu- 
lates the electrical signal on the control channel 
obtained upon optical/electrical conversion by the sec- 
ond light receiver 24, to receive a token. The carrier 
sense/token detection unit 27 further judges whether or 
not a signal (a transmission request packet from the 
previous station) is sent out onto the control channel. 

The control buffer 28 stores the electrical signal 
obtained upon optical/electrical conversion by the third 
light receiver 25, that is, a token and a transmission 
request packet. 

The first light emitter 29 is set to the wavelength Xc 
for the control channel, and converts a transmission 
request packet generated by the control unit 31 as 
described later into a light signal and outputs the light 
signal. 

The second light emitter 30 is set to a wavelength Ai 
which differs for each station, and converts an informa- 
tion packet generated by the control unit 31 as 
described later into a light signal and outputs the light 
signal. In the present embodiment, the second light 
emitters 30 in the stations 15a to 15c and 15n are 
respectively set to wavelengths Aa to Ac and An. The 
control unit 31 controls the variable wavelength filter 20, 
to control communication between the stations. 

Fig. 3 is a diagram showing the timing of sending 
out a token by the control station 10 and sending out a 
transmission request packet by each of the stations and 
the timing of propagating the token and the transmis- 
sion request packet In Fig. 3 t tokens 320 to 325 are 
periodically sent out from the control station 10. 

The transmission request packet is a packet for 
notifying the other station that it is desired to transmit an 
information packet including transmission information, 
and is sent out in response to the received token. A 
transmission request packet 33 is sent out in response 
to the token 321 by the station 15a. A transmission 
request packet 34 is sent out in response to the token 

322 by the station 15b. Transmission request packets 35 
and 36 are sent out in response to the tokens 322 and 

323 by the station 1 5n. Further, the format of each of the 
transmission request packets comprises a destination 
field (illustrated as DA) 331 for storing an identifier indi- 
cating a destination station, a source field (illustrated as 
SA) 332 tor storing an identifier indicating a source sta- 
tion, and a time field (illustrated as Time) 333 for storing 
the time when a transmission request is generated 
inside of each of the stations 15. 

Fig. 4 is a diagram showing the timing of the station 



15a transmitting the transmission request packet 33, 
and then transmitting an information packet 334. In Fig. 
4, the station 15a sends out the transmission request 
packet 33 in response to the token 321. The station 15a 
5 receives the token 322 transmitted subsequently to the 
token 321 , then converts the information packet 334 into 
a light signal by the second light emitter (having a wave- 
length of Aa) in its inside at intervals of time Tf, and 
sends out the light signal (see Fig. 3). The time Tf is 
70 time required to tune the wavelength of the variable 
wavelength filter 20 in each of the stations 15. 

Fig. 5 is a flow chart showing the procedure for 
processing in the station 15 from the time when a trans- 
mission request is generated to the time when an infor- 
ms rnation packet is sent out onto the data channel. Fig. 6 
is a flow chart showing the procedure lor processing 
performed by the station 15 for receiving an information 
packet. As a specific example of sending and receiving 
of an information packet between stations, a case 
20 where the station 1 5a transmits an information packet to 
the station 15n with reference to Figs. 1 to 6. 

The control station 10 first sends out the token 320 
to the outbound bus transmission line 11a using the 
control channel (having a wavelength of Xc). The token 
25 is successively inputted to the stations 15a to 15n. In 
the station 15a, a request to transmit an information 
packet to the station 15b is generated after the token 
320 is received and before the token 321 is received 
(step S501 in Fig. 5). It is assumed that in the stations 
30 other than the station 15a, no transmission request is 
generated after the token 320 is received and before the 
token 321 is received. 

The optical branching device 14a causes a tight sig- 
nal transmitted on the outbound bus transmission line 
35 11a to branch into two light signals, and respectively 
outputs one of the light signals and the other light signal 
to the station 15a and the subsequent station 15. The 
first wavelength filter 21 in the station 15a passes only 
the light signal having a wavelength of Ac out of the 
40 inputted light signals. The second light receiver 24 con- 
verts the light signal inputted from the first wavelength 
filter 21 into an electrical signal, and outputs the electri- 
cal signal to the carrier sense/token detection unit 27. 
The carrier sense/token detection unit 27 decodes the 
45 inputted electrical signal, and receives a token (step 
S502). The carrier sense/token detection unit 27 then 
detects whether or not it receives an electrical signal 
during a gap of time h after receiving the token 321 in 
consideration of a case where the station 1 5 previous to 
so the station 15a sends out a transmission request packet 
(step S503). The control unit 31 judges that there is no 
transmission request packet Irom the previous station at 
the time point where the gap of time fi is confirmed by 
the carrier sense/token detection unit 27, and judges 
55 that no communication collision, for example, occurs 
even if it sends out a transmission request packet onto 
the control channel of the outbound bus transmission 
line 11a. The control unit 31 then generates a transmis- 
sion request packet 33 on the basis of the above-men- 
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tioned transmission request, and outputs the 
transmission request packet 33 to the first light emitter 
29. In the transmission request packet 33. an identifier 
indicating the station 1 5n is set in the destination field 
331 , and an identifier indicating the station 1 5a is set in 5 
the source field 332. and the time when a transmission 
request is generated in the station 15a is set in the time 
field 333. The first light emitter 29 converts the inputted 
transmission request packet 33 into a light signal, and 
sends out the light signal onto the control channel (hav- 
ing a wavelength of Xc) (step S504). 

The light signal obtained by converting the trans- 
mission request packet 33 is coupled to the other token 

321 outputted upon branching by the optical branching 
device 14a by the optical coupling device 13a. The opti- 
cal coupling device 13a outputs the token 321 and the 
transmission request packet 33 which are coupled to 
each other toward the subsequent station. 

As described above, only the station 15a responds 
to the token 321, to output the transmission request 
packet 33. Consequently, the token 321 and the trans- 
mission request packet 33 are transmitted in a state 
where only the transmission request packet 33 suc- 
ceeds the token 321 (see Fig. 3). 

When each of the stations does not have a trans- 
mission request at the time point where it receives a 
token, the station only receives the token, and does not 
perform the above-mentioned responding operation. 

The light signal (the token 321 and the transmission 
request packet 33) is transmitted to the inbound bus 
transmission line 1 1b through the bus transmission line 
for connection 11c from the outbound bus transmission 
line 11a. When the token 321 or the like is inputted to 
each of the stations 15 through the optical branching 
device 12 positioned halfway on the inbound bus trans- 
mission line 11b, operations performed by the station at 
this time will be described later. 

The control station 1 0 sends out the token 322 to 
the outbound bus transmission line 11a after a predeter- 
mined time since it sent out the token 321 . In the station 
15a, the carrier sense/token detection unit 27 notifies, 
upon receiving the token 322 in the same manner as 
that in the foregoing step S502 (step S505), the control 
unit 31 that the token is received. The control unit 31 
outputs to the second light emitter 30 the information 
packet 334 to be transmitted to the station 15n after 
waiting for only time Tf from the time when the token 

322 is received by the carrier sense/token detection unit 
27 (step S506). The time Tf is time required to tune the 
wavelength of the variable wavelength filter 20 in each 
of the stations 15, as described above. The second light 
emitter 30 converts the information packet 334 into a 
light signal, and sends out the light signal onto the data 
channel (having a wavelength of Xa) (see step S507 in 
Fig. 4). Although description was made of the timing of 
transmission with respect to the information packet 334 
sent out in response to the token 322, the station for 
sending out a transmission request packet in response 
to the token 322 performs the same processing as that 



in the steps S501 to S504 shown in Fig. 5, as described 
later. 

Description is now made of the procedure for 
receiving an information packet in each of the stations 
15. 

The optical branching device 12n located halfway 
on the inbound bus transmission line 11b causes the 
light signal (the token 321 and the transmission request 
packet 33) to branch into two light signals, and respec- 
tively outputs one of the light signals and the other light 
signal toward the station 15n and the subsequent sta- 
tion. The second wavelength filter 22 in the station 15n 
passes only the light signal on the control channel (hav- 
ing a wavelength of Xc). The third tight receiver 25 con- 
verts the light signal inputted from the second 
wavelength filter 22 into an electrical signal, and outputs 
the electrical signal to the control buffer 28. Conse- 
quently, the control buffer 28 stores the token 321 and 
the transmission request packet 33 (step S601 in Fig. 
6). The control unit 31 retrieves a destination field 331 
included in one or a plurality of transmission request 
packets stored in the control buffer 28 (there may, in 
some cases, be no transmission request packet). The 
control unit 31 judges whether or not there is a transmis- 
sion request packet storing an identifier indicating the 
station 15n in the retrieval (step S602). When the con- 
trol unit 31 judges that there is no transmission request 
packet storing an identifier indicating the station 15n in 
the operation in the step S602, the control unit 31 pro- 
ceeds to the operation in the step S601 . In the operation 
in the step S601 , the control unit 31 waits until the sub- 
sequent token and the request packets are stored in the 
control buffer 28. On the other hand, when the control 
unit 31 judges that there is a transmission request 
packet storing an identifier indicating the station 15n in 
the operation in the step S602, the control unit 31 exam- 
ines whether the number of transmission request pack- 
ets storing an identifier indicating the station 15n is one 
or plural (step S603). Only the token 321 and the trans- 
mission request packet 33 are currently stored in the 
control buffer 28. Consequently, the control unit 31 
judges that the number of transmission request packets 
addressed to the station I5n is one, and then proceeds 
to the operation in the step S606. Operations performed 
in a case where the number of transmission request 
packets addressed to the station 15n is plurality will be 
described later. 

The control unit 31 waits until the subsequent token 
322 is stored in the control buffer 28 (step S606). The 
control unit 31 refers to a table (not shown) previously 
prepared when the token 322 and the request packets 
are stored in the control buffer 28, and tunes the wave- 
length passband of the variable wavelength filter 20 to 
the wavelength ka of the data channel used by the sta- 
tion 1 5a which is a source of the transmission request 
packet 33 (step S607). Identifiers indicating all the sta- 
tions 15 and the wavelengths of data channels used by 
the stations are recorded in relation to each other on the 
table. A light signal transmitted on the data channel 
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(having a wavelength of Xa) is caused to branch into two 
light signals by the optical branching device 12n, and 
the light signals are inputted to the first tight receiver 23 
after the time Tf since the station 1 5n received the token 
322 through the wavelength variable fitter 20 set to the 
wavelength passband Xa. The first light receiver 23 con- 
verts the inputted light signal into an electrical signal, 
and outputs the electrical signal to the data buffer 26. 
The data buffer 26 stores the information packet 334 
which is the electrical signal (step S608), whereby the 
sending and receiving of the information packet from 
the station 15a to the station 15n are completed. 

Furthermore, each of the stations 15 subsequent to 
the station 15n on the inbound bus transmission line 
11b also performs processing conforming to the flow 
chart of Fig. 6 in response to input of the token 321. 
Since the station 15 judges that there is no transmission 
request addressed to itself in the processing in the step 
S602, however, the station 15 waits until the subse- 
quent token is transmitted. 

The flow chart of Fig. 6 shows processing corre- 
sponding to a transmission request subsequent to one 
token. However, each of the stations 15 may be so con- 
structed that the processing in the steps S601 to S605 
and the processing in the steps S606 to S608 are inde- 
pendently performed, and receiving operations can be 
performed for each token. 

Description is now made of a case where the plural- 
ity of stations 15b and 15n transmit transmission 
request packets to the same station 15a. 

The token 322 sent out from the control station 10 
is successively inputted to the station 15a and the 
respective stations. The station 15b performs opera- 
tions in the step S502 and the subsequent steps when 
a transmission request is generated after the token 321 
is received and before the token 322 is received (step 
S501 in Fig. 5). The processing in the step S502 and the 
subsequent steps is the same as the foregoing process- 
ing and hence, the description thereof is simplified. The 
carrier sense/token detection unit 27 detects whether or 
not an electrical signal is received during a gap of time 
5 (step S503) after the token 322 is received (step 
S502). The control unit 31 generates the transmission 
request packet 34 and outputs the generated transmis- 
sion request packet 34 to the first light emitter 29 when 
the gap of the time 6 is confirmed by the carrier 
sense/token detection unit 27. In the transmission 
request packet 34, an identifier indicating the station 
15a is set in the destination field 331. an identifier indi- 
cating the station 15b is set in the source field 332, and 
the time T1 when a transmission request is generated in 
the station 1 5b is set to the time field 333. The transmis- 
sion request packet 34 is converted into a light signal 
(having a wavelength of Xc) by the first light emitter 29, 
and is sent out onto the control channel of the outbound 
bus transmission line 11a through the optical coupling 
device 13b (see Fig. 3). The station 15n also detects the 
gap of time 6 after the transmission request packet 34 
by the carrier sense/token detection unit 27 in the sta- 



tion 15n performing the operations in the steps S502 
and S503 when a transmission request is generated 
subsequently to the token 321 is received and before 
the token 322 is received (step S501). The control unit 

5 31 generates the transmission request packet 35 and 
outputs the transmission request packet 35 to the f irst 
light emitter 29 when the gap of time 6 is confirmed. In 
the transmission request packet 35, an identifier indicat- 
ing the station 15a is set in the destination field 331 , an 

to identifier indicating the station 15n is set in the source 
field 332, and time T2 when a transmission request is 
generated in the station 15b is set in the time field 333. 
The time T2 shall be time later than the time T1. The 
transmission request packet 35 is converted into a light 

75 signal (having a wavelength of Ac) by the first light emit- 
ter 29, and is sent out onto the control channel of the 
outbound bus transmission line 11a through the optical 
coupling device 13n. At this time, the transmission 
request packets 34 and 35 succeed the token 322 (see 

20 Fig 3). 

Although the time 6 in the carrier sense/token 
detection unit 27 is described as the same value in the 
stations, it is strictly desirable for obtaining stable oper- 
ations that the more subsequent the station is, the 

25 larger a value set thereto is. 

The station 15b converts an information packet to 
be transmitted to the station 15a into a light signal (hav- 
ing a wavelength of Ab) after the time Tf since the token 
323 transmitted subsequently to the token 322 was 

30 received, and sends out the light signal onto the data 
channel. The station 15n also converts an information 
packet to be transmitted to the station 1 5a into a light 
signal (having a wavelength of An), and sends out the 
light signal onto the data channel when the time Tf has 

35 elapsed since the token 323 was received. 

Description is now made of the procedure for 
receiving an information packet in the station 15a. The 
token 322 or the like which is a light signal is transmitted 
on the inbound bus transmission line 1 1b through the 

40 bus transmission line for connection 11c from the out- 
bound bus transmission line 1 1 a. The token 322 or the 
like is successively inputted to the station 1 5n and the 
respective stations. When the control unit 31 in the sta- 
tion 15a carries out the steps S601 to S603 (see Fig. 6) 

45 as in the foregoing, that is, the control unit 31 judges 
that there is a transmission request packet addressed to 
the station 15a (step S602) when the token 322 and the 
request packets are stored in the control buffer 28 (step 
S601). Moreover, the control unit 31 judges that there 

so are two transmission request packets addressed to the 
station 15a (step S603). Therefore, the control unit 31 
proceeds to the operation in the step S604. The control 
unit 31 then compares the time fields 333 stored in the 
transmission request packets addressed to the station 

55 15a (step S604), and selects the transmission request 
packet storing the time field in which the oldest time is 
set out of the time fields 333 (step S605). Consequently, 
the control unit 31 compares the time T1 and the time 
T2, to judge that the time T1 is older than the time T2. 
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The control unit 31 determines that it receives an infor- 
mation packet from the station 15b in accordance with 
the judgment. 

The control unit 31 tunes the wavelength passband 
of the variable wavelength filter 20 to the wavelength Ab 
(step S607), and receives the information packet from 
the station 1 5b when the token 323 is stored in the con- 
trol buffer 28 (step S606). 

As described above, the control unit 31 in the sta- 
tion 15a sets the wavelength of the variable wavelength 
filter 20 in its inside to the wavelength )b, and receives 
the information packet from the station 15b. Therefore, 
the stations 1 5b and 1 5n perform confirming operations 
as to whether or not information packets sent out by 
themselves are received by the station 15a. Description 
is now made of the confirming operations of the stations 
15b and 15n which transmit the transmission request 
packets to the station 15a. 

The token 322 or the like transmitted on the 
inbound bus transmission line 1 1b is also inputted to the 
station 15n and the station 15b. Description is now 
made of operations performed by the station 15b in a 
case where the information packet sent out by itself is 
received by the station 15a although the order of input- 
ting the token 322 is reverse. 

The station 15b performs the subsequent process- 
ing, and performs processing as described below when 
the token 322 and the transmission request packets 34 
and 35 are stored in the control buffer 28 (step S601 in 
Fig. 6). The control unit 31 in the station 15b retrieves 
the destination field 31, and examines whether or not 
the stations other than the station 15b send out trans- 
mission request packets to the same station (the station 
15a in the present embodiment). In this case, the con- 
trol unit 31 finds out an identifier indicating the station 
15a in the destination field 331 included in the transmis- 
sion request packet 35 sent out by the station 15n. Con- 
sequently, the control unit 31 in the station 15b 
recognizes that the station I5n sends out the transmis- 
sion request packet to the station 15a using the same 
token, then examines the time T2 stored in the time field 
333 included in the transmission request packet 35, and 
compares the time T2 with the time T1 stored in the time 
field 333 included in the transmission request packet 34. 
As described above, the time T1 is time older than the 
time T2, whereby the control unit 31 in the station 15b 
judges that an information packet sent out by itself is 
received by the station 15a. 

The station 15n also performs the same confirming 
operations as those performed by the station 1 5b when 
the token 322 and the like are stored in the control buffer 
28 (step S601). The control unit 31 in the station 15n 
retrieves the destination field 331, and examines 
whether or not the stations other than the station 15n 
send out transmission request packets to the same sta- 
tion (the station 15a in the present embodiment). In this 
case, the control unit 31 finds out an identifier indicating 
the station 15a in the destination field 331 included in 
the transmission request packet 34 sent out by the sta- 



tion 15b. Consequently, the control unit 31 in the station 
15n recognizes that the station 1 5b sends out the trans- 
mission request packet to the station 15a using the 
same token, then examines the time T1 stored in the 

5 time field 333 included in the transmission request 
packet 34, and compares the time T1 with the time T2 
stored in the time field 333 included in the transmission 
request packet 35. As described above, the time T2 is 
time newer than the time T1 , whereby the control unit 31 

70 in the station 15n judges that an information packet sent 
out by the station 1 5b is received by the station 1 5a. The 
control unit 31 in the station 15n carries out the steps 
S502 to S507 shown in Fig. 5 in response to the token 
323 subsequently received, and sends out the transmis- 

75 sion request packet 36 having the same contents as 
those of the transmission request packet 35 again on 
the basis of the results of the judgment (see Fig. 3). 

When only one station 1 5 transmits a transmission 
request packet, the station 15 performs the above- men - 

20 tioned confirming operations. This is not described in 
the description in a case where the station 15a sends 
out an information packet. It should be noted that this is 
for simplification and clarification of the description and 
has no other intention. 

25 Furthermore, each of the optical branching devices 
12 unconditionally outputs a light signal transmitted on 
the inbound bus transmission line 11b to the variable 
wavelength filter 20. In a case where the station 15a 
transmits an information packet to the station 15b as in 

30 the above-mentioned embodiment, for example, when 
the wavelength passband of the variable wavelength fil- 
ter 20 in the station 15c is accidentally set to the wave- 
length Xa used by the station 15a, the station 15c also 
receives the information packet. As the measure for 

35 coping with such circumstances, the measure for aban- 
doning an information packet accidentally received with- 
out carrying out the procedure shown in Fig. 6 is 
considered. This applies to bus networks according to 
second and third embedments described in the follow - 

40 ing. 

(Second Embodiment) 

Description is now made of a second embodiment. 

45 The entire construction of a bus network according to 
the present embodiment is approximately the same as 
the construction of the bus network shown in Fig. 1 and 
hence, the detailed description thereof is omitted. The 
bus network according to the present embodiment dif- 

50 fers from the bus network described in the first embodi- 
ment in that a wavelength multiplex system and an SCM 
(Sub-Carrier Multiplex) system are applied and in the 
internal structures of a control station 10 and each of 
stations 1 5. 

55 Rg. 7 is a diagram for explaining a method of 
assigning channels using the SCM transmission sys- 
tem. Fig. 7 (a) is a diagram showing the spectrum of the 
wavelengths of light emitters included in a control sta- 
tion 10 and stations 15. In Fig. 7 (a), a wavelength X0 is 
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assigned to the control station 10, and wavelengths Xa 
to Xc and Xn are assigned to the stations 1 5a to 1 5c and 
15n. The wavelengths X0. Xa to Xc and Xn are wave- 
lengths which are not overlapped with each other. Fig. 7 
(b) is a diagram showing that carrier signals fc and fd 
used by each of the stations are modulated by a trans- 
mission request packet and an intormation packet, and 
are enlarged to bands Be and Bd. In Fig. 7 (b), in each 
of the stations 15, the carrier signals tc and fd are 
related to a transmission request packet and an infor- 
mation packet, and are modulated by a digital modula- 
tion system such as QAM (Quadrature Amplitude 
Modulation) or PSK (Phase Shift Keying), and are 
enlarged to the bands Be and Bd. The carrier signal fc 
is shared by the control station 10 and each of the sta- 
tions 15, and the carrier signal fd is used independently 
by each of the stations 1 5. 

Fig. 8 is a block diagram showing the detailed con- 
struction of the station 15 in the bus network according 
to the second embodiment. In Fig. 8, the station 15 
comprises a variable wavelength filter 710. first to third 
light receiver 711 to 713, first and second demodula- 
tion/decoding units 721 and 722, a demodulation/carrier 
sense/decoding unit 723, a control buffer 731, a data 
buffer 732, first and second encoding/modulation units 
741 and 742, a multiplexing unit 75. a light emitter 76, 
and a control unit 77. 

The variable wavelength filter 710 selects only a 
light signal in a wavelength band set by the control unit 
77 as described later out of light signals inputted from 
an inbound bus transmission line 11b by an optical 
branching device 12 and passes the selected light sig- 
nal. 

Each of the first to third light receivers 71 1 to 713 
collectively converts the inputted light signals into elec- 
trical signals. 

The first demodulation/decoding unit 721 has a 
band-pass filter (not shown) in its inside, and passes the 
electrical signals inputted from the first light receiver 
711 through the band-pass filter and extracts only a 
transmission signal on a control channel. The first 
demodulation/decoding unit 721 demodulates the 
extracted transmission signal on the control channel, 
and receives a token signal and a transmission request 
packet (or only a token signal). The control buffer 731 
stores the transmission request packet received by the 
first demodulation/decoding unit 721. 

The second demodulation/decoding unit 722 has a 
band-pass filter (not shown) (in a passband Bd) in its 
inside, and passes the electrical signals inputted from 
the second light receiver 712 through the band-pass fil- 
ter and extracts only a transmission signal on a data 
channel. The second demodulation/decoding unit 722 
demodulates the extracted transmission signal on the 
data channel, and receives an information packet. The 
data buffer 732 stores the information packet received 
by the second demodulation/decoding unit 722. 

The demodulation/carrier sense/decoding unit 723 
has a band-pass filter (not shown) (in a passband Be) in 



its inside, and passes the electrical signals inputted 
from the third light receiver 713 through the band-pass 
filter and extracts only a transmission signal on the con- 
trol channel. The demodulation/carrier sense/decoding 

5 unit 723 demodulates the extracted transmission signal 
on the control channel, and receives a token signal and 
a transmission request packet (or only a token signal). 
Further, the demodulation/carrier sense/decoding unit 
723 further judges whether or not there is a signal (a 

to transmission request packet) succeeding the token sig- 
nal transmitted on the control channel, and outputs the 
results of the judgment to the control unit 77. 

The first encoding/modulation unit 741 encodes the 
transmission request packet generated by the control 

is unit 77, and modulates a carrier signal fc (the control 
channel) by encoded digital data using a predetermined 
digital modulation system such as QAM. The second 
encoding/modulation unit 742 encodes the information 
packet generated by the control unit 77, and modulates 

20 a carrier signal fd (the data channel) by encoded digital 
data by using a predetermined digital modulation 
method such as QAM. The multiplexing unit 75 multi- 
plexes the signals outputted from the first and second 
encoding/modulation units 741 and 742, and outputs a 

25 signal obtained by the multiplexing to the light emitter 
76. When the signal is inputted only from one of the 
encoding/modulation units, the multiplexing unit 75 out- 
puts only the inputted signal to the light emitter 76. The 
light emitter 76 has an oscillation frequency (Xa to Ac 

30 and Xn) which differs for each station (15a to 15c, and 
15n), and generates a light signal on the basis of the 
electrical signal outputted from the multiplexing unit 75, 
and outputs the light signal to the optical coupling 
device 13. 

35 The control unit 77 controls the sending and receiv- 
ing of an information packet as described later. 

The control station 10 includes a light emitter emit- 
ting light having a wavelength (X0). and digitally modu- 
lates the carrier signal fc by a token signal, then 

40 converts the modulated carrier signal fc into a light sig- 
nal (having a wavelength of X0), and sends out the light 
signal onto the control channel of the outbound bus 
transmission line 11a. The control station 10 periodi- 
cally performs such operations. 

45 Description is now made of the sending and receiv- 
ing of an information packet between the stations 15a 
and 1 5n. Operations performed by the stations at that 
time correspond to those described in the first embodi- 
ment and hence, the description of corresponding por- 

so tions is simplified. 

The control station 10 sends out a token which is a 
light signal onto the control channel of the outbound bus 
transmission line 11 a in the above-mentioned manner 
The station 1 5a shall have a request to transmit an infor- 

55 mation packet to the station 15n at the time point where 
the light signal (the token) is sent out from the control 
station 10. 

An optical branching device 14a causes the light 
signal (having a wavelength of X0) transmitted on the 
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outbound bus transmission line 11a to branch into two 
light signals, and respectively outputs one of the light 
signals and the other light signal to the station 15a and 
the subsequent station. The third light receiver 713 in 
the station 15a collectively converts inputted light sig- 
nals into electrical signals, and outputs the electrical 
signals to the demodulation/carrier sense/decoding unit 
723. The demodulation/carrier sense/decoding unit 723 
extracts only the electrical signal (in a band Be) on the 
control channel out of the inputted electrical signals by 
the band-pass filter in its inside, demodulates the 
extracted electrical signal by a digital demodulator 
applied in QAM, PSK or the like and decodes the 
demodulated electrical signal. Consequently, the 
demodulation/carrier sense/decoding unit 723 receives 
a token. Further, the demodulation/carrier sense/decod- 
ing unit 723 judges whether or not a transmission 
request packet is sent out onto the control channel by 
the same method as that in the carrier sense/token 
detection unit 27 described in the first embodiment. 
That is, the demodulation/carrier sense/decoding unit 
723 detects whether or not the electrical signal in the 
band Bd (the transmission request packet) is received 
during a gap of time 6 after the receiving of the token. 

The control unit 77 outputs the transmission 
request packet based on the above-mentioned trans- 
mission request to the first encoding/modulation unit 
741 at the time point where the gap of time 6 is con- 
firmed by the demodulation/carrier sense/decoding unit 
723 using the same method as the control unit 31 
described in the first embodiment. The first encod- 
ing/modulation unit 741 encodes the transmission 
request packet, digitally modulates the carrier signal fd 
by the encoded transmission request packet, and out- 
puts the modulated carrier signal fd to the multiplexing 
unit 75. The contents of the transmission request packet 
are the same as those shown in Fig. 3. The transmis- 
sion request packet is outputted to the light emitter 76 
through the multiplexing unit 75, and is converted into a 
light signal (having a wavelength of Aa) by the light emit- 
ter 76. The signal shall be inputted to the multiplexing 
unit 75 only from the first encoding/modulation unit 741 . 
The transmission request packet (having a wavelength 
of Xa) obtained by converting the light signal is coupled 
to the other light signal (having a wavelength of AO) 
obtained upon branching by the optical branching 
device 14a in such a manner that it succeeds the other 
light signal by an optical coupling device 13a. The opti- 
cal coupling device 13a outputs a light signal obtained 
by the coupling in the above-mentioned manner toward 
the subsequent station. Thereafter, the stations 15b to 
I5n subsequent to the station 15a perform the same 
operations as the foregoing when there is a transmis- 
sion request, while receiving the token but not perform- 
ing responding operations when there is no 
transmission request at the time point where the token 
is received. 

The light signal outputted to the outbound bus 
transmission line 1 1 a in the above-mentioned manner is 



transmitted to the inbound bus transmission line 11b 
through a bus transmission line for connection 11c. The 
light signal is successively inputted to all the stations 15 
through the optical branching devices 12 positioned 

5 halfway on the inbound bus transmission line 11b. Oper- 
ations performed by the stations with respect to the light 
signals inputted through the respective optical branch- 
ing devices 12 will be described later. 

The control station 10 sends out a new token (a 

io light signal having a wavelength of AO) onto the control 
channel of the outbound bus transmission line 1 1 a after 
a predetermined time. In the station 1 5a, the demodula- 
tion/carrier sense/decoding unit 723 receives a token by 
the same procedure as the foregoing. The control unit 

75 77 outputs an information packet to be transmitted to 
the station 15n to the second encoding/modulation unit 
742 after waiting for only time Tf since the token was 
received by the demodulation/carrier sense/decoding 
unit 723. The time Tf is time required to tune the wave- 

20 length of the variable wavelength filter 71 0 in each of the 
stations 15. The second encoding/modulation unit 742 
encodes the information packet, further digitally modu- 
lates the carrier signal fd by encoded digital data, and 
outputs the digitally modulated carrier signal fd to the 

25 multiplexing unit 75. 

The digitally modulated carrier signal fd is outputted 
to the light emitter 76 through the multiplexing unit 75, 
and is converted into a light signal having a wavelength 
of Aa by the light emitter 76. In this case, only input from 

30 the second encoding/modulation unit 742 shall be pro- 
vided to the multiplexing unit 75. The light signal is sent 
out onto the data channel of the outbound bus transmis- 
sion line 11a through the optical coupling device 13a, 
and is transmitted toward the inbound bus transmission 

35 line 11b. 

Description is now made of the procedure for 
receiving an information packet in each of the stations 
15. The above-mentioned light signal is successively 
inputted to all the stations 1 5 through the optical branch- 

40 ing devices 12 positioned halfway on the inbound bus 
transmission line 11b. The optical branching device 12n 
causes the light signal transmitted on the inbound bus 
transmission line lib to branch into two light signals, 
and respectively outputs one of the light signals and the 

45 other light signal to the station 15n and the subsequent 
station. 

The light signals inputted to the station 15n are col- 
lectively converted into electrical signals by the first light 
receiver 71 1 , and are outputted to the first demodula- 

so tion/decoding unit 721 . The demodulation/decoding unit 
721 extracts only the electrical signal (in a band Be) on 
the control channel by the band-pass filter in its inside, 
demodulates the extracted electrical signal by a digital 
demodulator using QAM or the like, further decodes the 

55 electrical signal, and outputs the electrical signal to the 
control buffer 731 as digital data. That is, the control 
buffer 731 stores a token and a transmission request 
packet. 

The control unit 77 in the station 15n retrieves a 
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destination field included in the transmission request 
packet stored in the control buffer 731. and detects 
whether or not there exists an identifier indicating the 
station 15n. The control unit 77 waits, when it judges 
that there is no transmission request packet addressed 
to the station 15n as a result of the detection, until the 
subsequent token is stored in the control buffer 731. 

On the other hand, the control unit 77 detects, when 
it judges that there is a transmission request packet 
addressed to the station 15n, whether the number of 
transmission request packets storing an identifier indi- 
cating the station 15n is one or plural. The control unit 
77 waits until the subsequent token and the like are 
stored in the control buffer 731 when it judges that the 
number of transmission request packets addressed to 
the station 15n is one. The control unit 77 in the station 
15n refers to a table (not shown) previously prepared in 
response to the storage of the subsequent token in the 
control buffer 731, to tune the wavelength passband of 
the variable wavelength filter 710 with the wavelength 
Xa assigned to the station 15a which is a source of the 
transmission request packet. On the table, identifiers 
indicating all the stations 15 connected to the bus net- 
work according to the present embodiment and the 
wavelengths of the light signals sent out by the respec- 
tive stations are recorded in relation to each other. The 
light signal having a wavelength of Xa is also caused to 
branch into two light signals by the optica! branching 
device 12n, similarly to the other tight signal, and the 
tight signals are inputted to the first light receiver 71 1 
through the variable wavelength filter 710. The second 
light receiver 712 converts the inputted light signals into 
electrical signals, and outputs the electrical signals to 
the second demodulation/decoding unit 722. The sec- 
ond demodulation/decoding unit 722 extracts only the 
electrical signal on the data channel which is superim- 
posed on the band fd by a band-pass filter in its inside, 
demodulates and decodes the extracted electrical sig- 
nal by a decoder using QAM or the like, and outputs dig- 
ital data obtained by the demodulation and decoding to 
the data buffer 732. That is, the data buffer 732 stores 
an information packet. Consequently, the sending and 
receiving of the information packet from the station 15a 
to the station 15n are completed. 

Although in the inbound bus transmission line 11b, 
the station 15 subsequent to the station 15n also per- 
forms the same processing as the foregoing, the wave- 
length passband of the variable wavelength filter 710 is 
not tuned, whereby the information packet sent out by 
the station 15a is not received. 

Operations performed by the control unit 77 in the 
station 15n in a case where it judges that the number of 
transmission request packets addressed to the station 
1 5n is plural are the same as those described in the first 
embodiment and hence, the description thereof is not 
repeated. 



(Third Embodiment) 

Fig. 9 is a block diagram showing the entire con- 
struction of a loop-shaped bus network according to a 

5 third embodiment of the present invention. In Fig. 9. in 
the bus network, a control station 90 for periodically 
sending out tokens using a control channel and a plural- 
ity of stations 91 (four stations 91a to 91c and 91 n are 
illustrated), to and from which a token and a transmis- 

io sipn request packet are inputted and outputted using 
the control channel, for transmitting and receiving an 
information packet using a data channel are connected 
to a circulating bus transmission line 97 constructed in a 
loop shape by an optical fiber. More specifically, the cir- 

75 culating bus transmission line 97 comprises an out- 
bound bus transmission fine 97a connected to the 
information output side of the station 91 and an inbound 
bus transmission line 97b connected to the information 
input side of the station 91 . The outbound bus transmis- 

20 sion line 97a and the inbound bus transmission fine 97b 
are connected to each other by an optical branching 
device 95. 

The optical branching device 95 causes a light sig- 
nal inputted from the outbound bus transmission line 

25 97a to branch into two light signals, and respectively 
outputs one of the light signals and the other light signal 
to the inbound bus transmission line 97b and the control 
station 90. An optical fiber terminating device 96 for ter- 
minating the light signal is connected to the other end of 

30 the inbound bus transmission line 97b. Each of the sta- 
tions 91 is connected to the outbound bus transmission 
line 97a by an optical branching device 12 and an opti- 
cal coupling device 13, and is connected to the inbound 
bus transmission line 97b by the optical branching 

35 device 12. 

Fig. 10 is a block diagram showing the construction 
of the control station 90 shown in Fig. 9. In Fig. 10, the 
control station 90 comprises a control unit 121, a light 
emitter 122, a wavelength filter 123, a light receiver 124, 

40 and a token/transmission request detection unit 125. 

The control unit 121 determines the timing of send- 
ing out a token in accordance with a flow chart of Fig. 
1 1 . The control station 90 comprises registers PL0 and 
PL1 storing "PacketLengthO" and "PacketLengthV 

45 which are values used for detecting the maximum value 
of the packet length, a register TO storing "TO" indicating 
the time when the token is sent out, a register Ln storing 
a value stored in a packet length field 337 included in a 
transmission request packet detected by the 

so token/transmission request detection unit 125, and a 
register PLT storing time "PacketLengthTime" corre- 
sponding to the detected maximum packet length. The 
light emitter 122 converts the token into a light signal 
(having a wavelength of Xc) and sends out the light sig- 

55 nal. 

The wavelength filter 123 passes only the light sig- 
nal having a wavelength of Xc. The light receiver 124 
converts the light signal passing through the wavelength 
filter 123 into an electrical signal. 
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The token/transmission request detection unit 125 
detects the token and the subsequent transmission 
request packet from each of the stations 91 . 

The station 91 shown in Fig. 9 has the same func- 
tion as that of the station 15 shown in Fig. 2 except that 5 
the format of a transmission request packet sent out by 
itself differs and hence, the detailed description of the 
station 91 is not repeated. Fig. 12 illustrates the format 
of the transmission request packet sent out by each of 
the stations 91 . The transmission request packet shown io 
in Fig. 12 is the same as the transmission request 
packet shown in Fig. 3 except that it further has a packet 
length field 337 storing the packet length of an informa- 
tion packet transmitted by the station 91. The other 
fields are the same as those shown in Fig. 3, and the is 
corresponding fields are assigned the same reference 
numerals and hence, the description thereof is not 
repeated. 

Referring now to Figs. 9 to 12, description is made 
of token sending operations performed by the control 20 
station in the bus network according to the present 
embodiment. 

First the control unit 121 stores "0" as its initial 
value in the register PLO (step Si 000), then generates a 
token, and converts the token into a light signal using 25 
the light emitter 122. The control station 90 sends out 
the light signal obtained by converting the token onto 
the control channel of the outbound bus transmission 
line 97a (step S1001). The control unit 121 stores "TO" 
which is the time when the token (the light signal) is sent 30 
out in the register TO (step S1002). 

The token which is the light signal is transmitted on 
the outbound bus transmission line 97a, and is succes- 
sively inputted to the station 91a to the station 91 n. 
Each of the stations 91 detects the token in the same 35 
manner as that in the procedure in the first embodiment, 
and sends out the transmission request packet using 
the control channel if it has a transmission request At 
this time, the packet length field 337 included in the 
transmission request packet stores the packet length of 40 
an information packet sent out by the station 91 in 
response to the subsequent token. Each of the stations 
91 makes no response to the token if it has no transmis- 
sion request 

The light signal transmitted on the outbound bus 45 
transmission line 97a will be inputted to the optical 
branching device 95. The optical branching device 95 
causes the inputted light signal to branch into two light 
signals, and respectively outputs one of the light signals 
and the other light signal to the inbound bus transmis- so 
sion line 97b and the wavelength filter 123 in the control 
station 90. Only the light signal on the control channel 
out ol the other light signals passes through the wave- 
length filter 123, is converted into an electrical signal by 
the light receiver 124, and is detected as a token by the 55 
token/transmission request detection unit 125. 

The control unit 121 judges whether or not the 
token is received by the token/transmission request 
detection unit 125 (step S1003). The control unit 121 



stores "0" as its initial value in the register PL1 when the 
token is received by the token/transmission request 
detection unit 125 (step S1004). The token/transmis- 
sion request detection unit 125 detects a non-signal 
period subsequent to the token signal or the transmis- 
sion request packet signal, and judges whether or not 
the non-signal period exceeds time 6 (step Si 005). The 
time 6 is time for judging whether or not a transmission 
request packet from the previous station exists, similarly 
to the gap of time 6 in the above-mentioned embodi- 
ments 1 and 2. That is, when the non-signal period is 
not more than the time 5. this means that the transmis- 
sion request packet exists. At that time, the control unit 
121 stores in the register Ln a value stored in the packet 
length field 337 included in the transmission request 
packet (step S1 006). 

The control unit 121 then compares the value "Ln" 
in the register Ln with "PacketLengthl " which is a value 
stored in the register PL1 (step S1007). The control unit 
121 updates the value in the register PL1 to the value in 
the register Ln when "Ln" > "PacketLengthl" (step 

51008) , and then proceeds to the step S1005. On the 
other hand, the control unit 121 proceeds to the step 
S1005 when "Ln" < "PacketLengthl". 

Furthermore, when it is judged in the step S1005 
that the non-signal period is not less than the time 6, this 
means that the control unit 121 examines all transmis- 
sion request packets subsequent to a token sent out by 
itself, and the value "PacketLengthl" at this time is the 
maximum packet length of the information packet sent 
out by the station 91 in response to the token subse- 
quently sent out The control unit 121 previously stores 
in the register PLT time "PacketLengthTime" corre- 
sponding to the maximum packet length detected in the 
above-mentioned manner. 

The control unit 121 then finds a value obtained by 
adding time Tf required to tune the wavelength of the 
wavelength filter in each of the stations 91 to 
" Packet LengthO" meaning the maximum packet length 
stored in the transmission request packet transmitted in 
response to the token previously sent out divided by the 
bit rate of the transmission line as "PacketLengthTime" 
which is time required to transmit the packet, stores the 
value "PacketLengthTime" in the register PLT (step 

51009) , and then proceeds to the step S1010. 

The control unit 121 examines whether or not a 
period "time-T0" from the time when the token is sent 
out "TO" which is stored in the register TO to the present 
time "time" is a larger value than the value "Pack- 
etLengthTime" stored in the register PLT (step S1010). 
The control unit 121 waits until "time-TO" > "Pack- 
etLengthTime" when "time-TO" is not larger than "Pack- 
etLengthTime" in the step S1010, and then proceeds to 
the step S1011. 

The control unit 121 then stores in the register PLO 
the value "PacketLengthl" currently stored in the regis- 
ter PL1 (step S101 1), and proceeds to the step 1001 in 
which the token is sent out. 

By the above-mentioned procedure, the control sta- 



16 



: <EP__ 07773S3A2_I_> 



31 



EP 0 777 353 A2 



32 



tion 90 can always set the intervals between token sig- 
nals at intervals which are always equal to time 
obtained by adding the maximum packet length out of 
the packet lengths reported by the transmission request 
packets from the stations 91 and time required to con- 5 
trol the wavelength filter. 

Since operations performed by the stations 91 with 
respect to a light signal obtained upon branching by the 
optical branching device 95 and outputted to the 
inbound bus transmission line 97b are the same as 10 
those performed by the stations 15 with respect to the 
light signal transmitted on the inbound bus transmission 
line 11b described in the first embodiment, the descrip- 
tion thereof is not repeated. The light signal transmitted 
on the inbound bus transmission line 97b is finally input- 75 
ted to the optical fiber terminating device 96. The optical 
fiber terminating device 96 terminates the inputted light 
signal. 

As described in the foregoing, the control station 90 
can control the intervals between token signals depend- so 
ing on the packet length reported by the transmission 
request signal from each of the terminals, whereby it is 
possible to improve the packet transmission efficiency. 

In the above-mentioned third embodiment, the con- 
struction of the station 91 may be the same as the con- 25 
struction of the station shown in Fig 8. Since operations 
performed by the control station 90 and each of the sta- 
tions 91 at that time are the same as those described in 
the second embodiment and hence, the detailed 
description thereof is not repeated. 30 

Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 35 
of the appended claims. 

Claims 

1 . A bus network so constructed that a control station 40 
and a plurality of stations are connected to each 
other in a bus shape through a transmission line, 
and a source station transmits transmission infor- 
mation to a destination station on the basis of 
tokens periodically sent out by a control station, 45 
wherein 

said transmission line comprises 
an outbound transmission line, to which said 
source station is connected, for outputting an so 
information transmission request or transmis- 
sion information in response to the token input- 
ted to the station, and 

an inbound transmission line, to which said 
destination station is connected, for inputting ss 
the information transmission request or the 
transmission information sent out by the source 
station, 

said transmission line is further assigned a 



control channel serving as a channel of said 
token and said information transmission 
request and a data channel serving as a chan- 
nel of said transmission information, 
said source station sends out, after the infor- 
mation transmission request to the destination 
station is generated, the generated information 
transmission request to the outbound transmis- 
sion line using the control channel after a first 
predetermined time since the token first input- 
ted (hereinafter referred to as the first token) 
was received, 

said source station sends out, after the infor- 
mation transmission request to the destination 
station is generated, said transmission infor- 
mation to the outbound transmission line using 
said data channel after a second predeter- 
mined time since the token second inputted 
(hereinafter referred to as the second token) 
was received, 

said destination station inputs said first token 
from the control channel of said inbound trans- 
mission line, and detects the information trans- 
mission request from said source station which 
is inputted subsequently to the first token, and 
said destination station inputs said second 
token from the control channel of said inbound 
transmission line, and receives from the data 
channel the transmission information from said 
source station which is inputted after said sec- 
ond predetermined time since the second 
token was inputted. 

2. The bus network according to claim 1 r wherein 

said source station comprises detection means 
for detecting a non-signal period on the control 
channel in response to the receiving of said 
first token, and 

said source station judges that the station other 
than the source station sends out no informa- 
tion transmission request to the control channel 
and sends out the information transmission 
request of the source station to the control 
channel when said detection means detects 
said first predetermined time as said non-sig- 
nal period. 

3. The bus network according to claim 2, wherein 

said information transmission request com- 
prises a first identifier indicating the destination 
station, a second identifier indicating the 
source station, and the generation time when 
the information transmission request is gener- 
ated. 

4. The bus network according to claim 3, wherein 
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said transmission line in a bus shape is com- 
posed of an optical fiber, 
said data channel is assigned a wavelength, 
the wavelengths assigned to the data channel 
in the stations not being overlapped with each s 
other. 

said control channel is assigned a wavelength 
which is not overlapped with any one of the 
wavelengths assigned to said data channel, 
said control station converts said token into a 10 
light signal and sends out the light signal to the 
control channel, 
said source station comprises 
information transmission request output means 
for outputting an information transmission 15 
request depending on the results of the detec- 
tion by said detection means, first light emis- 
sion means for converting the information 
transmission request outputted from said infor- 
mation transmission request output means into 20 
a light signal and outputting the light signal to 
the control channel, 

transmission information output means for out- 
putting transmission information in response to 
said second token, and 25 
second light emission means for converting the 
transmission information outputted from said 
transmission information output means into a 
Eight signal and outputting the light signal to a 
data channel inherent in the source station, 30 
and 

said destination station comprises variable 
wavelength selection means for selecting a 
light signal having the wavelength of the data 
channel assigned to said source station and 35 
passing the light signal having the wavelength, 
said variable wavelength selection means 
selecting the wavelength assigned to the data 
channel inherent in the source station out of the 
wavelengths assigned to said data channel on <o 
the basis of an information transmission 
request received in response to said first token, 
and passing a light signal having the selected 
wavelength in response to said second token. 

45 

5. The bus network according to claim 4, wherein said 
variable wavelength selection means sets, when 
the first identifier included in the received informa- 
tion transmission request indicates the destination 
station, and the number of information transmission so 
requests addressed to the destination station is 
one, the wavelength of the light signal to be passed 

on the basis of said second identifier. 

6. The bus network according to claim 5. wherein 55 

said variable wavelength selection means sets, 
when the first identifier included in the received 
information transmission request indicates the 



destination station, and the number of informa- 
tion transmission requests addressed to the 
destination station is plural, the wavelength of 
the light signal to be passed on the basis of 
said second identifier and said generation time. 

7. The bus network according to claim 3, wherein 

the transmission line in a bus shape is com- 
posed of an optical ftoer, 
said control station has light emission means 
emitting light having an inherent wavelength, 
and modulates a carrier having a first fre- 
quency assigned as the control channel by dig- 
ital data which is a token signal, then converts 
the modulated carrier into a light signal, and 
sends out the light signal to the outbound trans- 
mission line. 

said source station comprises 
first modulation means for modulating the car- 
rier having the first frequency assigned as said 
control channel by digital data which is an infor- 
mation transmission request signal depending 
on the results of the detection by said detection 
means, 

second modulation means for modulating a 
carrier having a second frequency different 
from said first frequency and assigned as the 
data channel by digital data which is transmis- 
sion information in response to the second 
token, and 

light emission means for converting a signal 
generated by said first modulation means 
and/or said second modulation means into a 
light signal having a wavelength which is not 
overlapped with any one of the wavelengths 
assigned to the other stations and said control 
station, and sending out the light signal to the 
outbound transmission line, and 
said destination station comprises variable 
wavelength selection means for selecting a 
light signal having the wavelength inherent in 
said source station and passing the light signal 
having the wavelength, 

said variable wavelength selection means 
selecting the wavelength assigned to said 
source station on the basis of an information 
transmission request received in response to 
the first token inputted from said inbound trans- 
mission line, and passing a light signal having 
the selected wavelength on the basis of the 
second token inputted from said inbound trans- 
mission line. 

8. The bus network according to claim 7, wherein 

said variable wavelength selection means sets, 
when the first identifier included in the received 
information transmission request indicates the 
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destination station, and the number of informa- 
tion transmission requests addressed to the 
destination station is one, the wavelength of the 
light signal to be passed on the basis of said 
second identifier. 

9. The bus network according to claim 8, wherein 

said variable wavelength selection means sets, 
when the first identifier included in the received 
information transmission request indicates the 
destination station, and the number of informa- 
tion transmission requests addressed to the 
destination station is plural, the wavelength of 
the light signal to be passed on the basis of 
said second identifier and said generation time. 

10. A bus network so constructed that a control station 
and a plurality of stations are connected to a loop- 
shaped bus through a transmission line, and the 
source station transmits transmission information to 
the destination station in response to tokens period- 
ically sent out by the control station, wherein 

said transmission line comprises 
an outbound transmission line, to which said 
source station is connected, for outputting an 
information transmission request or transmis- 
sion information in response to the token input- 
ted to the station, and 

an inbound transmission line, to which said 
destination station is connected, for inputting 
the information transmission request or the 
transmission information sent out by the source 
station, 

said transmission" line is further assigned a 
control channel serving as a channel of said 
token and said information transmission 
request and a data channel serving as a chan- 
nel of said transmission information, 
said source station sends out, after the infor- 
mation transmission request to the destination 
station is generated, the generated information 
transmission request to the outbound transmis- 
sion line using the control channel after a pre- 
determined time since the first token was 
received, 

said source station sends out, after the infor- 
mation transmission request to the destination 
station is generated, said transmission infor- 
mation to the outbound transmission line using 
said data channel in response to the receiving 
of the second token, 

said destination station inputs said first token 
from the control channel of said inbound trans- 
mission line, and detects the information trans- 
mission request from said source station in 
response to the first token, and said destination 
station inputs said second token from the con- 



trol channel of said inbound transmission line, 
and receives from the data channel the trans- 
mission information inputted from said source 
station in response to the second token. 

5 

11. The bus network according to claim 10, wherein 

said source station comprises detection means 
for detecting a non-signal period on the control 
70 channel in response to the receiving of said 

first token, and 

said source station judges that the station other 
than the source station sends out no informa- 
tion transmission request and sends out the 
75 information transmission request of the source 

station to the control channel when said detec- 
tion means detects said predetermined time as 
said non-signal period. 

20 12. The bus network according to claim 1 1 , wherein 

said information transmission request com- 
prises a first identifier indicating the destination 
station, a second identifier indicating the 
25 source station, the generation time when the 

information transmission request is generated, 
and the packet length of the transmission infor- 
mation sent out in response to the receiving of 
said second token. 

30 

13. The bus network according to claim 12, wherein 

a node of said outbound transmission line and 
said inbound transmission line comprises 
35 branching means for causing a signal on the 

transmission line to branch into two signals and 
outputting one of the signals to said control sta- 
tion, 

said control station has a function of detecting, 
40 when the first token is inputted from said 

branching means, the maximum value of the 
packet length included in a transmission 
request packet subsequent to the first token, 
and 

45 said control station sets the sending intervals 

between said second token and the token sent 
out subsequently to the second token in 
response to the detected maximum value of 
the packet length. 

50 

14. The bus network according to claim 13, wherein 

said loop-shaped bus transmission line is com- 
posed of an optical fiber, 
55 said data channel is assigned a wavelength, 

the wavelengths assigned to the data channel 
in the stations not being overlapped with each 
other, 

said control channel is assigned a wavelength 
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which is not overlapped with any one of the 
wavelengths assigned to said data channel, 
said control station converts said token into a 
light signal and sends out the light signal to the 
control channel, 5 
said source station comprises information 
transmission request output means for output- 
ting an information transmission request 
depending on the results of the detection by 
said detection means, io 
first light emission means for converting the 
information transmission request o inputted 
from said information transmission request out- 
put means into a light signal and outputting the 
light signal to the control channel, 15 
transmission information output means for out- 
putting transmission information in response to 
said second token, and 

second light emission means for converting the 
transmission information outputted from said 20 
transmission information output means into a 
tight signal and outputting the light signal to a 
data channel inherent in the source station, 
and 

said destination station comprises variable 25 
wavelength selection means for selecting a 
light signal having the wavelength assigned to 
the data channel in said source station and 
passing the light signal having the wavelength, 
said variable wavelength selection means 30 
selecting the wavelength assigned to the data 
channel inherent in the source station out of the 
wavelengths assigned to said data channel on 
the basis of the information transmission 
request received in response to said first token, 35 
and passing a light signal having the selected 
wavelength in response to said second token. 

15. The bus network according to claim 14, wherein 

40 

said variable wavelength selection means sets, 
when the first identifier included in the received 
information transmission request indicates the 
destination station, and the number of informa- 
tion transmission requests addressed to the 45 
destination station is one, the wavelength of the 
light signal to be passed on the basis of said 
second identifier. 



16. The bus network according to claim 15, wherein so 

said variable wavelength selection means sets, 
when the first identifier included in the received 
information transmission request indicates the 
destination station, and the number of informa- 55 
tion transmission requests addressed to the 
destination station is plural, the wavelength of 
the light signal to be passed on the basis of 
said second identifier and said generation time. 



17. The bus network according to claim 13, wherein 

said loop-shaped bus transmission line is com- 
posed of an optical fiber, 
said control station has light emission means 
for emitting light having an inherent wave- 
length, and modulates a carrier having a first 
frequency assigned as the control channel by 
digital data which is a token signal, then con- 
verts the modulated carrier into a light signal by 
the light emission means and sends out the 
light signal to the outbound transmission line, 
said source station comprises 
first modulation means for modulating the car- 
rier having the first frequency by digital data 
which is an information transmission request 
signal depending on the results of the detection 
by said detection means, 
second modulation means for modulating a 
carrier having a second frequency different 
from said first frequency and assigned as the 
data channel by digital data which is transmis- 
sion information in response to the second 
token, and 

light emission means for converting a signal 
generated by said first modulation means 
and/or said second modulation means into a 
light signal having a wavelength which is not 
overlapped with any one of the wavelengths 
assigned to the other stations and said control 
station, and sending out the light signal to the 
outbound transmission line, and 
said destination station comprises variable 
wavelength selection means for selecting a 
light signal having the wavelength inherent in 
said source station and passing the light signal 
having the wavelength, 

said variable wavelength selection means 
selecting the wavelength assigned to said 
source station on the basis of the information 
transmission request received in response to 
the first token inputted from said inbound trans- 
mission fine, and passing a light signal having 
the selected wavelength on the basis of the 
second token inputted from said inbound trans- 
mission line. 

18. The bus network according to claim 17, wherein 

said variable wavelength selection means sets, 
when the first identifier included in the received 
information transmission request indicates the 
destination station, and the number of informa- 
tion transmission requests addressed to the 
destination station is one, the wavelength of the 
light signal to be passed on the basis of said 
second identifier. 

19. The bus network according to claim 18. wherein 
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said variable wavelength selection means sets, 
when the first identifier included in the received 
information transmission request indicates the 
destination station, and the number of informa- 
tion transmission requests addressed to the 5 
destination station is plural, the wavelength of 
the light signal to be passed on the basis of 
said second identifier and said generation time. 
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